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The dependence of the local temperature of excited molecules on detergent concentration 
(from 2 - 1 0 - 3 to 8-10~3 M/l) and on the experimental! temperature, (from 298 to 343 °K) was 
investigated. The observed appearence of a minimum in the local temperature near the c. m. c. is 
explained by the dependence of the absorption and fluorescence on the concentration of detergent. 
A relation between local temperature and fluorescence yield of the luminescent substances was also 
determined. 
Introduction 
A relation between the absorption and the fluorescence spectra of lumines-
cent solutions found by M E R R I T [ 1 ] could not be experimentally verified due to early 
apparata. Recently S T E P A N O V [ 2 ] derived an universal relation between these spectra: 
^ = Z>(I> sexp(-Av/*r), (1) 
where /e(v) and A;(v) denote the fluorescence and the absorption spectra, respec-
tively, D {T) — a constant independent of v, T — the absolute temperature, h and k 
— Planck's and Boltzmann's constants. 
In order to establish the validity of Eq. ( 1 ) A L E N T S E V [ 3 ] suggested to re-write it 
in the form: 
F(y) = lg/£(v) - lg k(v) - 3 lg v = - h v / k T + const. (2) 
F(v) is a linear function of the frequency v, (or the wave number v) and from the 
slope of the straight T can be calculated. Usually a local temperature (T*) higher 
than the experimental temperature (T) can be obtained from the slope. This local 
temperature is due to the non-dissipation of excess energy of excitation during the 
vibrational relaxation. This statement is verified theoretically by J A B L O N S K I [13] 
and is supported by several experimental results ([3], [5], [9] and [14]). 
The validity of the relation was investigated by several authors [4]—[6] and it 
was established for gases, solutions and solid luminescent systems. For chloro-
phylls the problem was first studied by K R A V T S O V [7]. Systematical investigations 
on the influence of solvents on the local temperature were carried out by S I N G H A L 
and H E V E S I [ 8 ] . In [ 9 ] the applicability of the relation to solutions of different chloro-
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phyll derivatives; pheophytin-a and chlorin-e6 was studied. R A B I N O W I T C H et al. [ 1 0 ] 
and DAS et al. [11] applied the Stepanov's relation and its modified form given by 
K E T S K E M É T Y et al. [ 1 2 ] to suspensions of photosynthetizing algae. 
„ In this paper the applicability of Stepanov's relation to dye-detergent solutions 
is studied and the dependence of the local temperature on the detergent concentra-
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Fig. 1. The Stepanov's straights for aqueous solutions of 
5 x ] 0 - B M Rhod 6G at different concentrations of SLS. 
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Results and Discussion 
The substances studied, also the experimental methods, the composition of 
the systems were discussed earlier in [15—18]. In this paper only those data are 
given which were not discussed in the earlier papers. 
In Fig. 1 the straights from Eq. (2) for aqueous solutions of 5 X 10~6 M/l rho-
damine 6G (Rhod. 6G) with different concentrations of sodium lauryl-sulphate 
(SLS) are shown. The linearity of the function F(v) from Eq. (2) is well fulfilled in 
a wide range of the spectra. A similar picture was found for all the other dye-deter-
gent systems unambiguously proving that Stepanov's relation is valid for dye-deter-
gent systems, too. The deviation from the linearity at lower frequencies are ex-
plained in [12]. 
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Fig. 2. The local temperatures, T* in Rhod 6G solutions as a function of the detergent concentration 
and the temperature 
The local temperatures T* in solutions of Rhod 6G as a function of the concen-
tration of detergent and the temperature are given in Fig. 2. T* shows a maximum 
at 2X 10 - 3 M/l detergent content and a minimum near the critical micelle concent-
ration (c. m. c.), while it is constant or slightly increasing at higher detergent con-
centrations. Figure shows that T* depends also on the experimental temperature. 
The local temperatures for 2X10~3M/1 detergent concentration are essentially 
higher than the experimental temperature. This can be explained by consulting 
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Table I, where the maximum absorption coefficients, &(l)max, from [18] and the re-
lative fluorescence intensities, 7rel, from [17], as well as the calculated values of local 
temperatures, T*, are tabulated for different detergent concentrations and experi-
mental temperatures. While k(A)max °f detergent solutions shows a decrease of 16% 
compared to that of the pure aqueous solution at 298°K and 343°K, 7rel is as low 
as 4% and 7%, respectively. This formally explains the.high values of T*. In addition,. 
7reI practically does not change at concentrations above the c. m. c., which explains 
the constancy of T* in this concentration range. 
Table I 
The maximum absorption coefficients, k(/.)mal, relative fluorescence intensities, /rci, and the local 




298°K 323°K 343°K 
(%) T* (°K) /rci (%) T*(°K) ax (%) T* (°K) 
G 0.89 100 343.5 0.84 100 365.5 0.79 100 365.5 
2.0 0.75 4.08 403.3 0.80 11.1 446.5 0.67 7.19 . 525.3 
2.5 0.79 15.6 325.6 0.79 21.9 361.4 0.76 17.9 395.6 
3.0 0.84 33.3 307.9 0.81 40.0 351.2 0.75 25.7 363.4 
3.5 0.88 86.7 300.6 0.85 54.5 345.4 0.79 48.7 353.2 
4.0 0.92 91.9 309.5 0.84 70.9 343.5 0.78 55.8 355.2 • 
6.0 0.94 90.4 322.3 0.88 77.5 345.4 0.83 72.0 351.2 
8.0 • 0.94 80.5 332.5 0.89 79.7 334.3 0.83 80.5 343.5 
In Fig. 3 the dependence of k(X)max, 7rel and T* is shown for thionin (Th) 
solutions of 5 X 10~6 M/l on the concentration of detergent at experimental tempera-
tures of 298°K, 323°K and 343°K. The change of T*, at least up to the c. m. c., 
is similar as that for Rhod 6G, though the absolute values are somewhat less. The 
Table II 
The maximum absorption coefficients, &(A)m„, relative fluorescence intensities, lrei, and the local 




298°K 323°K 343°K 
k(X)ma% Ire 1 (%) T* (°K) (%) T* (°K) max he 1 (%) T* (°K) 
0 0.22 100 345.4 0.23 100 351.2 0.24 ' 100 374.3 
2.0 0.09 7.0 378.9 0.17 13.2 397.0 0.21 33.5 416.8 
2.5 0.19 13.5 359.3 0.22 17.8 378.9 0.23 38.6 393.2 
3.0 0.25 23.1 355.2 0.24 31.1 374.3 0.24 39.1 378.9 
3.5 0.27 39.0 344.5 0.25 45.9 365.6 0.25 51.3 374.3 
4.0 0.28 99.4 357.3 0.26 81.9 365.6 0.25 64.0 378.9 
6.0 0.29 159.6 367.7 0.27 141.6 378.9 0.25 129.0 395.2 
8.0 0.28 177.8 374.3 : 0.27 152.3 388.3 0.25 141.0 395.7 
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Fig. 3. The values of k(X)max, / „ , and T* of Th solutions with 5X10"6 M concentration at different 
temperatures and at different detergent concentrations. 
2* 
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numerical values of the quantities mentioned above, taken from [17, 18], are 
listed in Table II. While for 2 X10 - 3 M/l detergent solution, at T= 298 °K, the value 
of fc(A)max is about 40% of that in pure aqueous Th solutions, /rel is only 7%. Con-
sequently, the excess of the exciting energy results in a relative high local temperature, 
T* = 378.9 °K, exceeding the experimental temperature by 81 degrees. In the same 
system at 323 and 343 °K the value of k(/.)max is lowered by about 10% compared to 
k(h)max of the pure aqueous solution, while the values of /rel for these are only 13% 
and 33%, respectively. This again should result in higher local temperatures. In 
fact, the values of T* are higher by 74 degrees than the experimental temperatures. 
CSLS»«f(molB/l) 
Fig. 4. The local temperatures, T* in MB solutions versus detergent concentration at different 
temperatures 
Fig. 4 shows the values of T* versus detergent concentration for methylene blue 
(MB) solutions of. 5 X10"6 M/l at three experimental temperatures. It is to be men-
tioned that the fluorescence yield of MB solutions at 298°K is very low and the fluores-
cence is practically totally quenched at low detergent concentrations ([16], [19]), 
therefore experimental results for calculation of T* at this temperature and concen-
trations were not available. As it can be seen from Fig. 4 the dependence of T* on 
the concentration of detergent is not so expressed as in the case of the other dyes 
investigated, this can be understood by considering the absorption of the system 
showing similar changes. In Table III k(X)mnx and /rel are taken from [16] and 
the calculated values of T* are given. While for 2 X 10"3 M/l detergent solution at 
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Table III 
The maximum absorption coefficients, A'(/.)m!lx, relative fluorescence intensities, /re,, and the local 




298 °K . 3235K 343 °K 
(%) T* (°K) *(A)„„ /«. (%) T * (°K) A-a)max T* (°K) 
0 0.76 100 347.3 0.75 100 363.5 0.74 100 428.2 
2.0 0.48 7.1 . — 0.63 36.1 406.0 0.68 27.3 449.8 
2.5 0.56 29.3 — 0.72 56.0 363.3 0.70 49.5 431.1 
3.0 0.73 80.6 330.7 0.77 94.2 353.2 0.76 73.2 422.4 
3.5 0.86 167.7 311.8 0.83 149.3 348.3 0.79 115.6 416.8 
4.0 0.94 257.6 312.6 0.87 192.8 351.1 0.83 157.0 416.8 
6.0 0.95 348.6 330.8 0.92 271.2 " 345.4 0.89 281.3 414.0 
8.0 0.96 371.4 334.3 0.94 277.6 346.4 0.92 331.0 414.0 
343 °K the value of &(A)max is 92% of that of pure aqueous solution the value of 
/rcl is only 27%. This accounts for the high local temperature exceeding the experi-
mental temperature by 107 degrees. 
. The appearance of minimum of J * at detergent concentration near to the c. m. c. 
can be explained by the appearance of an optimum of the ratio of the emitted and 
the absorbed energies at this detergent concentration. Thus, only a small amount 
of the exciting energy remains in the system, consequently, the local temperature 
is low. At detergent concentrations above the c. m. c. the increase in /rej is slightly 
greater than that in k (A)max, therefore the local temperature is fairly constant, or 
shows a slow increase. 
According to earlier publications [20—22] the decrease of fluorescence yield 
results in an increase in the local temperature. Similar results were found earlier for 
dye-detergent systems, too [9]. The, differences 
between the local and the experimental tem-
peratures, AT( = T* - T), for Rhod 6G, Th 
and MB solutions are given in Table IV. for 
different detergent concentrations at 343 °K. 
It can be seen that A T is the lowest for Rhod 
6G and the highest for MB. This is in cor-
relation with the fluorescence yield being 1; 
0,3 and 0,15 for aqueous solutions of Rhod 
6G, Th and MB, respectively [17, 19]. These 
values differ somewhat for higher tempera-
tures but the difference can be neglected. The 
changes in the fluorescence yield due to 
changes in detergent concentration were nearly 
identical for the three dyes considered, thus 
the connection between the local tempera-
ture and the fluorescence yield is about the 
same for higher temperatures, as illustrated 
by the data of Table IV. 
Table IV 
The différences between the local and the 
experimentaltempergtures, AT(=T* — T), 
for Rhod 6G, Th and MB solutions at dif-
férent detergent concentrations and at 




Rhod 6G Th MB 
0 22,5 31.3 85.2 
2.0 182.3 73.8 106.8 
2.5 52.6 50.2 88.1 
3.0 20.4 35.9 79.4 
3.5 10.2 31.3 73.8 
4.0 12.2 35.9 73.8 
6.0 8.2 52.2 71.0 
8.0 0.05 52.7 71.0 
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The results, presented prove that the Stepanov-relation is fulfilled for dye-de-
tergent solutions; the local temperature T* is higher than the experimental temper-
ature for all systems examined. The dependence of T* on the concentration of de-
tergent and on the experimental temperature is in close correlation with the changes 
in absorption and. fluorescence. A similar close connection between the fluores-
cence yield and the local temperature of the excited molecules exists in detergent 
solutions, too. 
The authors are indebted to Professor Dr. L . S Z A L A Y , Director of Institute of 
Biophysics, for helpful discussions in the course of this work. 
References 
[1] Merritt, E.: Phys. Rev. 28,684 (1926). 
[2] Stepanov, B. I.: DAN UdSSR 112, 839 (1957); IAN UdSSR 22, 1367 (1958). 
[3] Alentsev, M. N.: Opt. i Spectr. 4, 690.(1958). 
[4] Borisevitsch, N. A.: Vozbuzsgyennüje szosztojányija szlozsnüh molekul gazovoj faze (Nauka i 
Tehnika, Minszk, 1967). 
[5] Ketskeméty, /., L. Kozma, J. Hevesi: Acta Phys. et Chem. Szeged, 12, 83 (1966). 
[6] Rjazanova, E.F., M. S. Fagyeeva, T. S. Pavlina: IAN UdSSR 24, 769 (1961). 
[7] Kravtsov, L. A.: Engineering Phys. J. 2, 45 (1958); Buli. Acad. Sci. Phys. Ser. UdSSR 23, 77 
(1959). 
[8] Singhal, G. S„ J. Hevesi: Photochem. Photobiology 14, 509 (1971). 
[9] Hevesi, J., G. S. Singhal: Spectrochimica Acta 25A, 1751 (1969). 
[10] Rabinowitch, E., L. Szalay, M. Das, N. R. Murty, C. N. Cederstrand, Govindjee: Brookhaven 
. Symposia in Biology 19, 1 (1966). 
[11] Das, M., E. Rabinowitch, L. Szalay: Biophys. J. 8, 1131 (1968). 
[12] Ketskeméty, /., J. Dombi, R. Horvai: Acta Phys. Hung. 12, 263 (1960); ibid 14, 165 (1962); 
Ann. Phys. 8, 342 (1961). 
[13] Jablonski, A.: Acta Phys. Polon. 26, 427 (1964). 
[14] Rugyik, K. /., L. G. Pikulik: IAN UdSSR 34, 611 (1970). 
[15] Hevesi, J., E. Lehoczki, E. Bálint: Zs. Prikl. Spectr. UdSSR 13, 458 (1970), 
[16] Hevesi, J., E. Bálint, E. Lehoczky: Acta Phys. Polon. Sci. A38, 185 (1970). 
[17] Lehoczki, E„ E. Bálint, J. Hevesi: Zs. Prikl. Spectr. UdSSR (accepted for publication). 
[18] Bálint, E„ E. Lehoczki, J. Hevesi: Acta Phys. et Chem. Szeged 17, 15 (1971). 
[19] Singhal, G. S., E. Rabinowitch, J. Hevesi, V. Srinivasan: Photochem. Photobiology 11, 531 (1970). 
[20] Kozma, L., L. Szalay, J. Hevesi: Acta Phys. et Chem. Szeged, 10, 67 (1964). 
[21] Hevesi, J„ L. Kozma: Acta Phys. et Chem, Szeged 8, 103 (1962). 
[22] Hevesi, J., L. Kozma, L. Szalay: Acta Phys. Polon. 29, 57 (1966). 
ВЛИЯНИЕ ТЕМПЕРАТУРЫ НА ЭФФЕКТИВНУЮ ТЕМПЕРАТУРЫ 
ВОЗБУЖДЕННЫХ МОЛЕКУЛ КРАСИТЕЛЕЙ В РАСТВОРАХ 
ДЕТЕРГЕНТА 
Э. Балинт, Я. Хевеши, и Э. Лехоцки 
В настоящей работе исследовалось влияние температуры и концентрации детергента 
на эффективную температуры возбужденных флуоресцирующих молекул. Установили, что 
эффективная температура во всех исследованных случаях имеет минимальное значение при 
критической концентрации мицелобразования детергента. Это явление хорошо объясняется 
абсорбционными и люминесцентными свойствами краситель-детергент систем. Удалось 
установить связь между эффективной температурой возбужденных молекул и выходом 
люминесценции красителей. 
